Absnuct: Generally convergent strategies are employed in glyconjugate synthesis, hence the oligosaccharide moiety and the aglycon moiety are separately prepared and then linked to yield the target molecule; for glycopeptides linear synthesis strategies are more successful. -The importance of p-glycosidic linkages of glucosamine and galactosamine in glycoconjugates was reason for the development of new methods which are based on N,N-diacetyl, N-tetrachlorophthaloyl, and Ntrichloroethoxycarbonyl protection. -Another important goal in the construction of oligosaccharides is solid phase synthesis; the application of 0-glycosyl trichloroacetimidates as donors, thiolinkers to the solid phase, and MALDI-MS for product analysis led to improvements in this regard. -Trichloroacetimidate-based glycosylation can be also applied to the synthesis of acid labile glycosyl phosphates and their lipid and nucleoside derivatives. Hydrolytically more stable glycophospholipids are GPI anchors; a general approach for ceramide-1-phosphate and phosphatidic acid derived GPI anchors is based on a versatile building block strategy.
linkage is not compatible with the completed algycon moiety. Simple glycolipids, as for instance calonyctin A and saponins which were recently synthesized by us (ref. 2,3) are successfully obtained in a convergent strategy; it is based on independent syntheses of the oligosaccharide portion and the lipid fragment and their linkage which is generally followed by protective group removal (often only 0-acyl groups). The synthesis of the important glycosphingolipids (GSL) -including the structurally related gangliosides -follows a similar strategy; however, due to the low reactivity of the ceramide moiety, the oligosaccharide part is generally linked to azidosphingosine, which is independently prepared. Hence the last step consists of the attachment of the fatty acyl residue to the amino group of sphingosine which is released from the azido group in a reductive step (ref.
4).
This "azidosphingosine glycosylation procedure", as introduced by us (ref. 5), has gained wide application. For the equally important glycopeptide synthesis a linear strategy has become typical (ref.
6), as shown in Scheme 1 (ref. 7), because direct glycosylation of peptides has not yet been very successful. Hence, firstly the oligosaccharide moiety is synthesized which is then attached to the required amino acid (for 0-glycosides generally a-linked serine or threonine and for N-glycosides, generally p-linked asparagine). With this building block in hand the ensuing glycopeptide synthesis is carried out following standard peptide synthesis procedures which often employ solid phase techniques.
N-ACETYLGLUCOSAMINE AND -GALACTOSAMINE IN PGLYCOSIDIC LINKAGES
Obviously, oligosaccharide synthesis is regarded as an experimentally quite demanding problem in itself, which is solved in an independent approach applying appropriate methodologies for the regio-and diastereoselective linkage of sugar residues. Important target molecules have been in the last years sialyl Lewis X (sLeX) (ref. [8] [9] [10] presence of N-acetylglucosamine (GlcNAc) and of N-acetyl-galactosamine (GalNAc) in decisive pglycosidic linkages which ligate various building blocks. Because direct glycosylation with activated Nacetyl derivatives of GlcNAc and GalNAc procedes via relatively unreactive oxazolinium intermediates, we have been engaged in the development of glycosylation methods overcoming this disadvantage. In the beginning of the investigations, our attention was focussed on the corresponding 2-azido-2-deoxy derivatives (Scheme 2) which with the help of mchloroacetimidate activation resulted in very efficient glycosyl donors for the synthesis of sLex and GM1 and various structurally related compounds (ref. 4,7,10, and 11). However, the difficulties in the synthesis of the azido derivatives from the corresponding glycals (lack of diastereospecificity in the azide introduction, low yields, etc.) were reason to look for more efficient and simple approaches. a-Specific thermal inverse-type hetero-DielsAlder reaction of azodicarboxylates to glycals was our first attempt, thus leading to concomitant addition of an amino group equivalent and to activation of the anomeric carbon when trichloroethyl azodicarboxylate was used (ref. 12). However, contrary to other reports (ref. 13), we could not confm for these compounds high glycosylation potential which was sufficient for complex oligosaccharide synthesis. Therefore, we tried to improve the properties of the N-phthalimido protected glycosyl donors by resorting to the N-tetrachlorophthalimido (TCP) analogue; indeed, this led to very high glycosyl 400 R. R. SCHMIDT donor properties and convenient cleavage of the TCP group was gained -as exhibited in Scheme 3 (ref. 
NEW APPROACH TO SOLID PHASE OLIGOSACCHARIDE SYNTHESIS
Another means to ease oligosaccharide synthesis consists in the use of a solid phase support. Important aspects which have to be considered in this endeavour are (i) attachment of a suitable linker to the solid phase material (exhibiting orthogonal stability to the glycosylation procedure) and then attachment of the first sugar residue to the linker in a standard glycosylation procedure, (ii) rapid analysis of all solid phase reactions, and (iii) repetitive regio-and diastereoselective glycosylation, cleavage from the linker, and deprotection each in very high yields. We have recently employed thiolinkers together with 0-glycosyl trichloroacetimidates as glycosyl donors; analysis of the glycosylation was based on MALDI-MS analysis (Scheme 6) (ref. 17) . Cleavage from the linker was performed via thioglycoside activation in the presence of methanol, thus affording the methyl saccharide in high yield, which was then deprotected by standard procedures; the glycosylation reaction was carried out at rmm temperature, thus a 1:l mixture of the anomers could be obtained exhibiting the potential of this method also in combinatorial syntheses (ref. 17) . With the help of neighboring group participation also anomer selective reaction control is possible, thus leading to structurally defined reaction products (ref. 18 ). Yet, quite a few problems have to be solved until this approach will be competitive with or even superior to solution synthesis of complex oligosaccharides. 
